We investigated the pharmacokinetics of ganciclovir in 12 haematopoietic stem cell transplantation (HSCT) recipients to evaluate the validity of a 50% reduction in the ganciclovir dosage for mild renal impairment.
Introduction
Ganciclovir is the mainstay of antiviral agents in pre-emptive therapy against cytomegalovirus (CMV) disease after allogeneic haematopoietic stem cell transplantation (HSCT). 1 Ganciclovir is mainly excreted from the kidney and about 90% of the administered dose is recovered unchanged in the urine after intravenous (iv) administration. 2 Therefore, total body clearance correlates well with CL CR . 3, 4 In HSCT settings, patients frequently develop renal impairment caused by the use of nephrotoxic drugs. A 50% reduction of ganciclovir is recommended in the drug information leaflet for patients with mild renal impairment of CL CR between 50 and 70 mL/min in order to achieve an unchanged AUC. However, the pharmacokinetic profiles of ganciclovir have not yet been fully evaluated in such patients. Therefore, we investigated the validity of this dose reduction by serial evaluation of the plasma ganciclovir concentration.
Patients and methods
Twelve patients (nine men and three women) aged between 23 and 61 years were enrolled in a 12 h pharmacokinetic study of intravenous ganciclovir after ethical approval. The median age and weight were 50.5 years (range 23-61) and 57.5 kg (range 36.7-80.0), respectively. All patients provided informed consent to participate in this study. The underlying disease was acute leukaemia in three patients, chronic myelogenous leukaemia in three patients, myelodysplastic syndrome in two patients and pancreatic cancer in four patients. Five patients received a graft from an HLA-matched relative and seven received a graft from an alternative donor defined as an HLA-mismatched relative or a matched unrelated donor. We calculated CL CR weekly, based on a 24 h urine collection. Patients were classified into two groups according to CL CR evaluated within 1 week before the initiation of ganciclovir administration: Group A included seven patients with CL CR ‡ 70 mL/min (mean 98.1 mL/min, range 74.9-142.0 mL/min) and Group B included five patients Antigenaemia assay for CMV infection was performed weekly after engraftment as described previously. 5 Ganciclovir was preemptively started when 20 or more positive cells were detected per two slides in patients who received a graft from an HLA-matched relative, whereas it was started when three or more positive cells were detected per two slides in patients who received a graft from an alternative donor. The starting dose of ganciclovir was once daily at 5 and 2.5 mg/kg/day in Groups A and B, respectively, which was infused at a constant rate over 1 h. 6 Venous blood samples were obtained before infusion (C0), 30 min (C0.5) and 1 (C1), 2 (C2), 4 (C4), 6 (C6), 8 (C8) and 12 (C12) h after starting the first-dose infusion. After the blood sample was centrifuged, the plasma was separated and stored at -20 C until measurement of the ganciclovir concentration.
The plasma ganciclovir concentration was measured after solid-phase extraction (SPE) and dilution in mobile phase by reversed-phase HPLC. In brief, plasma samples were heated at 58 C for 30 min to inactivate the virus prior to handling. These samples were then diluted with 0.1 M phosphate buffer (pH 8.0) and applied to disposable C 18 SPE columns (Bond Elut C18-OH; Varian, Palo Alto, CA, USA) conditioned with methanol and water. The column was washed with 0.1 M phosphate buffer (pH 8.0) and water, and ganciclovir was then eluted by 1.5 mL of 15% methanol. After 0.1 mL of 10 mg/mL guanosine was added as an internal standard, the eluent was injected into the HPLC system (C 18 column, CAPELL PAK C18 SG 120; Shiseido, Tokyo, Japan; mobile phase: a mixture of 20 mM KH 2 PO 4 (pH 2.6) containing 5 mM sodium 1-octanesulfonate and acetonitrile (95 : 5, v/v)]. The flow rate of the mobile phase and the column temperature were 0.8 mL/min and 40 C, respectively. The HPLC was equipped with a photo diode array detector (SPD-M10A vp, Shimadzu, Kyoto, Japan) set at a detection wavelength of 254 nm. This quantitative assay provided a high selectivity for determining a compound in biological samples. It was available for 0.02-5 mg/mL of an analyte in plasma samples. The precision expressed as a coefficient of variation was less than 2.5%, and the accuracy expressed as an error per cent was <-3%. Endogenous sources of interference were not detected from blank plasma.
Pharmacokinetic parameters were calculated by non-compartment modelling using WinNonlin software (version 4.0; Pharsight Corporation). CL CR was normalized to 1.73 m 2 body surface area and AUC was calculated using the linear trapezoidal rules with extrapolation to infinity by standard techniques. The decline ratio was calculated as Log C4/C1 for the evaluation of the decrease in plasma ganciclovir concentration in the distribution phase and early elimination phase, whereas the elimination half-life was calculated from the terminal portion of the slope after C4. The differences between groups were compared using the Wilcoxon (Mann-Whitney)-test. P values of less than 0.05 were considered statistically significant. The relationship between the total AUC and plasma ganciclovir concentration at each point after starting infusion was investigated by calculating correlation coefficients r 2 using linear regression analysis after logarithmic transformation because they did not fit a normal distribution.
Results
The median pharmacokinetic parameters and the concentration versus time profile are shown in Table 1 and Figure 1(a) . The peak plasma concentration (C max ) ranged from 3.32 to 19.03 mg/mL. The C max in Group A was significantly higher than that in Group B (9.20 versus 4.75 mg/mL, P < 0.01). There was a borderline significance in the decline ratio between the two groups (-0.66 versus -0.42, P = 0.09). Total body clearance in Group B was lower than that in Group A (1.66 versus 3.04 mL/min/kg, P = 0.12). Also, the elimination half-life in Group B was significantly longer than that in Group A (5.76 versus 3.57 h, P = 0.03). There was no significant difference in AUC between the two groups (29.8 versus 24.6 mg·h/mL, P = 0.57). The AUCs of the patients in both groups were distributed within a narrow range (25.6 -4.77 mg·h/mL, Figure 1b ), when we excluded two patients with exceptionally high AUC values (48.18 and 110.99 mg·h/mL). The CL CR values of these two patients were 74.9 and 87.2 mL/min, respectively. Among the serial ganciclovir concentration measurements, C4 most strongly correlated with AUC (r 2 = 0.95, Figure 1c ). 
Discussion
The results demonstrated that a 50% reduction in the ganciclovir dosage was appropriate for HSCT recipients with mild renal impairment of CL CR between 50 and 70 mL/min. In addition to the significant difference in the elimination half-life, we observed a difference in the decline ratio (Log C4/C1) between the two groups with a borderline significance, which might indicate that renal excretion had started within 4 h of infusion. AUC was not significantly different from that in patients with normal renal function, probably due to the prolonged elimination in patients with mild renal impairment, although the small sample size might be responsible for the lack of significant difference. When we excluded two patients whose AUC values were exceptionally high, the AUC ranged within 25.6 -4.77 mg·h/mL, which was similar to the values reported previously. 4 An exceptionally high AUC was observed in two patients with CL CR values between 70 and 90 mL/min. The reason for the high AUC is not clear, but it may suggest that the dose of ganciclovir should be reduced in patients with CL CR values between 70 and 90 mL/min after confirming that the AUC is significantly high in such patients. Drug interaction is also a possible explanation for the high AUC, but these two patients were not being given drugs that are known to interact with ganciclovir. Also, the exceptionally high AUC might result from a transient renal dysfunction, which could not be detected even by a weekly CL CR examination.
The role of clinical pharmacokinetic monitoring in solid organ transplantation as well as in HSCT is unclear. 7 Previous studies failed to show a significant correlation between the ganciclovir concentration and its efficacy or toxicity. 7, 8 A possible explanation for this lack of correlation is the small number of patients in these studies, since a significant correlation between the cumulative dose of ganciclovir and the incidence of neutropenia has been shown in large-scale clinical studies. 9, 10 However, it is difficult to perform a large-scale study with pharmacokinetic monitoring because of the need for repeated blood sampling from patients. In this study, C4 most strongly correlated with AUC, with r 2 values of 0.95, although we should confirm this in a larger study. Another limitation of pharmacokinetic monitoring of ganciclovir is that only the intracellular phosphorylated ganciclovir is active and it is not known how its concentration relates to the plasma concentrations. Nevertheless, a prospective study with monitoring of C4 is warranted to evaluate the role of pharmacokinetic monitoring in HSCT.
In conclusion, a recommended reduction of ganciclovir dosage by 50% appeared to be appropriate for HSCT recipients with mild renal impairment. Measurement of the plasma ganciclovir concentration C4 could be an accurate predictor of AUC. Further studies are necessary to validate these findings in a larger number of patients and to clarify the relationship among plasma concentrations, AUC and responses. 
